Introduction
The word prototype is derived from the Greek ω ν (pronounced prototypon) which is a combination of two words: ώ (protos meaning first) and o (typos meaning type or instance). Despite of exactness in etymology, there is multiplicity in semantics. For example, Webster's lists four definitions for prototype with each definition having a slightly-different context-dependent meaning. Figuratively, a prototype (i.e., the first instance or version of something) can be defined as a functioning model or a physical object that can be used to test concepts or ideas. Although this broad definition applies to many branches of science and engineering, it has different meaning in biosciences and health-related disciplines. Furthermore, the term rapid prototyping is usually loosely associated with a variety of meanings depending on the context it is applied to. In software for instance, the term is typically used to imply the process of quickly coding (usually incomplete) versions of software that are often used to test or demonstrate (mostly) user interface design concepts (Karanassios & Horlick, 1987) . In electronics, it is frequently used as a synonym for making a circuit board (sometimes using speedy wire-wrap methods) to verify an electronic design or to provide a practical means for debugging it (Karanassios & Horlick, 1988) . Literally, the definition of rapid prototyping is the ability to generate relatively quickly a corresponding 3d physical object or an actual device (i.e., a fully functioning mechanical part or its scaled down version) from its 3d representation from a virtual computer model. The word "rapid" is relative as compared to the speed of conventional methods of generating the same 3d physica l object or prototype. Inherent to the definition is the implication that one or a few prototypes need to be made. Implied by the definition is that this quick concept-to-prototype approach is relatively low-cost (as compared to conventional methods). Conceptually, there are two basic methods of making prototypes of 3d-objects. The first method involves removal of material using a subtractive method. This is referred to as a top-down approach. In this (often material-wasteful) approach, material gets removed from a solid block in order to make a physical, 3d-object. Removed material typically gets discarded. Traditionally, lathes, milling machines and Computer Numerical Controlled (CNC) machines have been used to make solid 3d-objects that are in the mm range or larger. One way of making objects that are mm-size or smaller (e.g., sub-mm or micro-meter) is by using bulk micromachining techniques. Bulk micromachining (or simply micromachining)
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Rapid Prototyping Technology -Principles and Functional Requirements 210 also follows a top-down approach. Traditionally, a mask and photolithography are used to transfer a design onto a chip, and "dry" or "wet" etching are used to fabricate a design that was photolithographically transferred onto-a-chip. Because in micromachining using fabrication technology borrowed from the semiconductor industry the depth of structures is typically in the μm-range, microfabrication techniques yield structures or objects that are "flatter" that is, they are primarily 2d (with some height or perspective added to them). Thus, for the most part micromachined devices are not considered as "true" 3d-objects. The second method of prototyping 3d-objects involves addition of material one-layer-at-atime that is by using a bottom-up approach. Among other techniques, 3d-printing approaches are often used and inexpensive 3d printers (including desktop models) are currently commercially available. To many in this field and in a strict sense, rapid prototyping is synonymous with a variety of additive methods. In this chapter, this definition will be adhered to. There are many such methods. Examples include stereo-lithography (SLA), selective laser sintering (SLS), fused deposition modeling (FMD), direct metal laser sintering (DMLS), PolyJet and other 3d printers. For the work described here, 3d Micro Plasma Devices (MPDs) on plastic substrates were prototyped using a subtractive and an additive method to prototype exactly the same device. This was done to enable direct comparisons. Devices so prototyped will be contrasted with flatter (primarily 2d) microplasma devices prototyped using a mask, photolithography, microfabrication technology and wet chemical etching of microfluidic channels on glass or crystalline Si chips (Karanassios & Mew, 1997; Karanassion & Sharples, 1997a; Karanassios & Sharples, 1977b; Swart et al., 1997) . The plastic, glass or crystalline Si chips became hybrid when they were fitted with a quartz plate. The plate was added because quartz is optically transparent to ultra-violet (UV), as required for measurements in this spectral region. These microplasma devices on hybrid chips (with area roughly that of a small postage stamp) were used for development and characterization of microplasmas primarily for elemental analysis applications (Karanassios, 2004; Karanassios et al., 2007; Weagant & Karanassios, 2009 , Weagant et al., 2011 Karanassios, 2011) . Elemental analysis is as a sub-set of the discipline called chemical analysis or analytical chemistry.
Justification
In this section, questions such as "why use microplasmas?" and "how does one fabricate microplasma devices?" will be used to address analytical capability and utility, and to rationalize the need for and applicability of rapid prototyping methods for microplasma device fabrication.
Why microplasmas?
Microplasmas have been arbitrarily defined as electrical discharges with at least one dimension in the range spanning between micro-meters to about a mm (Karanassios, 2004) . Although microplasmas are a relatively new research area, they are beginning to attract significant interest in areas as diverse as science, engineering, medicine and technology (Tachibana, 2006; Becker et al., 2006; Iza et al, 2008; Foest et al., 16; Becker et al., 2010) . To give a limited number of examples, in physics they are used as light sources for spectroscopy (Tachibana, 2006) ; in materials science for nanomaterials synthesis (Zou et al., 2009; Sankaran et al., 2005; Chiang et al., 2007; Sankaran, 2011; Mariotti & Sankaran, 2011; Mariotti & Sankaran, 2010; Chian & Sankaran, 2010) ; in medicine for sterilization (Uhm & Hong, 2011) and for plasma medicine Heinlin et al., 2010; Fridman et al., 2008; Kong et al., 2009) ; in technology for lighting applications (Readle et al., 2007; Boertner et al., 2010) and for plasma television (Boeuf, 2003; Petrovic et al., 2008; Kim et al., 2009; Mun et al., 2009; Lee et al., 2011) . In chemistry, among other applications they are used for chemical analysis of samples (e.g., elemental analysis of water samples). Environmental monitoring of liquid samples (e.g., water) is the intended application of the microplasmas we are developing using prototyping methods.
Why use microplasmas for chemical analysis?
For chemical analysis, the drive behind development of microplasmas operating at atmospheric pressure stems from a potential for development of plasma sources that are low-cost, small-size, light-weight and that have reduced gas-consumption and low powerrequirements (thus enabling battery-operation) and no vacuum requirements. Furthermore, because they are typically non-thermal discharges, they do not require water-cooling or other thermal management, thus further reducing weight, instrumentation complexity, electrical power requirements and cost. These desirable attributes facilitate development of solar-powered, battery-operated, mobile analytical instruments with advanced wireless capabilities for possible use in the field (i.e., on-site) (Karanassios, 2011) . The needs for mobile chemical analysis instruments that can be used for on-site analytical measurements can be justified by considering, for example, environmental monitoring, quality control of produce and food industry, or homeland security where applications exist in abundance. This potential and applicability of microplasmas has been recognized by many. For instance, there are several research groups world-wide working on microplasmas for chemical analysis applications. Thus far, microplasmas have been described in books (Becker et al., 2004; Hutchison, 2005; Lieberman, 2005; Fridman, 2008; Hippler at al., 2008; Fridman, 2011; Inan & Gokowski, 2011) , in review articles (Karanassios, 2004; Broekaert & Siemens, 2004; Broekaert & Jakubowski, 2007; Gianchandani et al., 2009 ) and in papers describing their analytical applications (Karanassios et al., 2007; Weagant & Karanassios, 2009; Weagant et al., 2010; Weagant et al., 2011; Vautz et al., 2008; Olenici-Craciunescu, 2009; Hoskinson et al., 2011; Marcus et al., 2011) , their characteristics and their other uses (Janasek et al., 2006; Frimat et al., 2009; Olenici-Craciunescu, 2011; Xu & Hopwood, 2007; Zhu et al., 2008; Chen & Eden, 2008; Wright & Chianchandani, 2009; McKay et al., 2010; Liu et al., 2010) . From the cited literature it can be concluded that although microplasma research has been (mostly) application driven, "microplasmas represent a new realm in plasma physics that still is not fully understood" (Iza, 2008) . And that microplasmas are receiving significant current attention due to their potential economic and technological impact in many disciplines. Then, how does one develop prototype microplasma devices for instance, for possible use in on-site chemical analysis applications using portable, battery-operated instruments?
Prototyping microplasma devices
In this section the rationale, justification and different methods that were used for prototyping microplasma devices will be described in some detail.
Prototyping microplasma devices in microfluidic channels using microfabrication
Several planar geometry microplasma devices were microfabricated using a mask, photolithography and wet chemical etching (Karanassios & Mew, 1997; Karanassios & Sharples, 1997a; Karanassios & Sharples, 1997b; Swart et al., 1997) of microfluidic channels. Initially, microplasma devices were fabricated across microfluidic channels that were about 30 μm deep and were etched in crystalline Silicon (c-Si). An example of an etched microfluidic channel is shown in Fig. 1 . Two holes were drilled at the end of the microchannel (not shown in Fig. 1 for brevity). One hole served as the carrier-gas and sample introduction inlet and the other as the outlet. The etched microchannel was covered by a glass or a quartz plate. Electrodes were sputter deposited on one of the surfaces of the plate and the plate was positioned so that the electrodes were facing the microchannel. The sputter electrodes also served as contact pads. The chip and the plate were aligned and were bonded (Karanassios et al., 2007) to provide hermetic seal. To reduce the costs of prototyping a new microplasma device any time one of the electrodes was damaged and to enable deeper etches crystalline silicon wafers were replaced by amorphous glass wafers (or substrates). Glass was selected due to its low cost and ease of wet chemical etching of deep micro-channels (e.g. >100 μm). On the glass chip, a microfluidic channel (in geometry somewhat resembling a rotated letter "Z") was patterned and it was etched using either HF or buffered HF (Karanassios et. al., 2007) . Several microchannel geometries were tested with microchannel depths ranging from 150 μm to 500 μm. Holes were drilled at both ends of the microchannel and tubes were affixed to the holes. One tube served as the sample introduction and carrier gas inlet and the other as the outlet. On the quartz plate, 60 nm-thick to 120 nm-thick electrodes were sputter deposited on one of its surfaces and this wafer was placed on top of the etched wafer so that the electrodes were facing the microchannel. An example is shown in Fig. 2 . The chips were bonded to provide a hermetic seal (Karanassios et al., 2007) . A high voltage dc (HVdc) was applied between the sputtered electrodes to initiate and sustain the microplasma. Due to the application of HVdc, the electrodes were often stressed to the point of being damaged. Invariably, damaged electrodes necessitated replacement of the microplasma device (thus having to prototype a new one). In addition to cost, only shallow microchannels could be etched because wet chemical etching of deep channels (e.g., >100 μm) has been found to affect the integrity of the side-walls and of the bottom of the etched channels (Karanassios & Mew, 1997; Karanassios & Sharples, 1997a; Karanassios & Sharples, 1997b; Swart et al., 1997) . Poor quality and shallow depth of the microchannels affected both sample introduction and stability of microplasma background emission. To increase microplasma-microsample interaction a device with a deeper microchannel was needed. For this, the depth of the microplasma channel had to be increased and the width of the electrodes had to be enlarged. For prototyping purposes, 3 wafers were used: two were made out of glass and one out of quartz. Fig. 2 . Color on-line. Two-chip, planar-geometry microplasma device prototyped as briefly described above (see text for discussion).
Specifically, for the middle wafer, a channel was etched right through and shallow channels and pits were etched on the top and bottom wafers. Electrodes were made from a variety of commercially available metallic materials (e.g., thin ribbons of Ni, Mo, Re etc.). The thin ribbons were partially wrapped around the narrow opening of the etched-though channel of the middle wafer (Fig. 3) . The ends of the ribbon-electrodes were connected to high voltage power supply. On the top glass wafer holes were drilled through the wafer, and tubes that served as inlet and outlet were affixed to them. The bottom wafer was made out of quartz. This made this 3-wafer microplasma device more "3d-like". An example of this 3d-like, three-wafer (or three-chip) microplasma device is shown in Fig. 3 . The internal volume of the microplasma channel of the type shown in Fig. 3 was between 200 nL and 750 nL, thus giving rise to the term "nano-volume" plasmas or "nano-palasmas" for short. These were so named by analogy to nano-electrospray and to nano flow injection. As before, the chips were bonded to provide a hermetic seal (Karanassios et al., 2007) . To reduce or eliminate electrode stress from the high voltage dc (HVdc) applied to the electrodes, the HVdc power supply was replaced by a high voltage ac (HVac) power supply. More specifically, a low voltage dc power supply (or either an 8V or a 12V or an 18 V rechargeable battery) was used to power a dc-to HVac power supply. The high voltage ac was applied between the ribbon electrodes. Upon application of the HVac, the plasma was ignited and an atmospheric pressure plasma discharge was formed inside the channel between the two electrodes (Fig. 3) . Thus, a planar-geometry, self-igniting, atmospheric pressure microplasma device was prototyped.
Analytical performance characteristics of the device shown in Fig. 3 were obtained by simply placing the microplasma device in front of the entrance slit of a 0.35 m spectrometer (e.g., a monochromator) equipped with a Photo Multiplier Tube (PMT) detector. For clarity, a schematic illustration of the experimental set up that was used is shown in Fig. 4 . A smallsize electrothermal vaporization device served for microsample introduction (Fig. 4a) . The outlet of the vaporization chamber was connected to the microplasma device (Fig. 4b) using short length tubing. A typical transient emission signal obtained using 3 μL of diluted standard solution is shown in Fig 4c.   Fig. 3 . Color on-line. Three-chip, planar-geometry microplasma device prototyped as briefly described above (see text for discussion).
To introduce a liquid microsample, the microplasma was turned off and the coiled-filament (Fig. 4a ) with its ceramic support was removed from the vaporization chamber. Typically, a 3 μL sample was pipetted onto the coil and the coil-ceramic support assembly was reinserted into the vaporization chamber. Using power transfer cables running through the ceramic, low electrical power (e.g., 0.5 W) was applied to the sample carrying coil for 60-120 sec, thus drying the sample that was on it and leaving a sample-residue on the coil. The microplasma was turned on and higher power (e.g., 10 to 40 W) was applied to the coil. Depending on applied power, this raised the temperature of the coil to 1000-2800 ºC thus vaporizing the dried sample residue that remained on the coil. The carrier-gas transported the vaporized sample to the microplasma where it interacted with the microplasma and it generated an emission signal (Fig.4c) .
Cheaper and faster methods of prototyping microplasma devices
Work with these micromachined devices also revealed that there were several operational variables that affected analytical performance. For example, it showed that microsample-microplasma interactions are important as are: inter-electrode distance; electrode size, composition and geometrical configuration; inlet and outlet geometries (due to potential for sample loss primarily on the sharp corners of channels) and microplasma dimensions as defined by channel length, width and depth, and electrode size. As expected, the effect of these parameters must be experimentally verified by prototyping new devices. But fabrication cost alone made microfabrication of large numbers of prototypes prohibitive. In addition to cost, there was significant time-delay between design, mask-making, photolithography, etching, aligning and hermetically sealing the hybrid chips. Thus, an alternative fabrication method was sought utilized. Therefore, finding a cheaper and faster way of prototyping microplasma devices became a key goal. In addition to the effect of operational parameters on analytical performance characteristics, the work described thus far demonstrated that microfabricated devices can be operated using low electrical power levels (<10 W), so much so that they could be powered from a rechargeable battery (Weagant et al., 2011) . It also revealed that microplasmas are nonthermal discharges, thus cooling or other thermal management is not required. These facilitated portability by reducing weight and complexity of microplasma instrumentation. Importantly, their low operating temperature opened up the possibility for using polymeric (e.g., plastic) substrates. In turn, this opened up another possibility, namely that of prototyping microplasma devices using inexpensive machining of plastic substrates.
Prototyping microplasma devices via machining of plastic substrates
Poly-tetra-fluoro-ethylene (PTFE, marketed as the Dubon Corp.-made Teflon ® ) was chosen as the substrate. This polymeric (i.e., plastic) material was selected because it is easy to machine, due to its desirable mechanical and electrical properties and its tolerance due to its desirable mechanical and electrical properties and its tolerance to temperatures up to about 260 ºC. But since conventional machining could not be used to fabricate micro-meter size fluidic channels as required for fabrication of microplasma devices, channel dimensions had to be enlarged. But then, would plasma discharges formed inside enlarged channels fit the definition of microplasma (as stated earlier)? To address this question, several designs were tested. For the final design, a channel was machined by removing a 2.0 mm wide, 16.3 mm long and 8.7 mm deep ellipsoid from a PTFE chip (38.1 mm long, 12.7 mm wide and 12.7 mm tall); by drilling a 3.2 mm diameter round hole for carrier-gas and sample introduction inlet and a 7.1 mm diameter round hole for the outlet. These holes were drilled through the opposing short-size vertical 12.7 mm walls. Two needle electrodes were inserted through the opposing, long-side vertical walls into the microplasma channel (Fig. 5) . Although many inter-electrode distances and electrode diameters were tested for ease of plasma ignition and stability of optical emission of microplasma background, an inter-electrode distance of 12 mm and a 1.2 mm diameter needle-electrode (for the electrode closer to the outlet) and 1.6 mm diameter needle-electrode (for the electrode closer to the outlet) provided the most stable microplasma operation and it was used throughout. In addition, a counter-sank rectangle was machined out of the top face of the PTFE chip (Fig. 5 ), so that a 2.0 mm thick quartz plate would fit tightly in it, thus also providing a tight seal. Overall, the machining approach simplified sealing vis-à-vis the micromachined devices, thus making prototyping cheaper and relatively faster. An Ar-H 2 (Weagant et al., 2011) gas mixture served as the carrier-gas and as the microplasma gas. When a carrier-gas with a typical flow-rate around 220 mL/min was introduced into the microplasma channel through the outlet and HVac was applied between the electrodes (Figs. 4 and 5) , a self-igniting microplasma discharge was formed between the electrodes inside the microplasma channel. A photograph of the plasma and of the hybrid chip that was prototyped as described above is shown in Fig. 5 . From the insert (Fig. 5) , it can be concluded that the plasma formed between the electrodes is indeed microplasma. Optical emission was monitored using a fiber optic spectrometer with a Charge Coupled Device (CCD) detector. An example is shown in Fig. 6 . Unlike the single-channel, PMTbased spectrometer (Fig. 4) , using the multi-channel CCD-based, fiber-optic spectrometer the wavelength range between 200 nm and 850 nm could be monitored simultaneously. A Canadian one-cent coin has been included for size. As shown in the insert, the microplasma fits comfortably inside the letter A of the coin, thus confirming that the plasma discharge formed between the two electrodes is micro-size, thus following the microplasma definition.The fiber-optic cable was positioned on top of the quartz plate. Although machining of plastic chips enabled inexpensive prototyping of microplasma devices, there was still some time-delay between design and prototyping. These were primarily due to scheduling and logistics of the local machine shop. Thus the original goal of fabricating microplasma devices cheaper and faster was only partially fulfilled. Can the concept-design-prototype time-cycle be shortened even further while still maintaining a low-cost advantage of using plastics? To address this question, an additive method was used.
Microplasma
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Rapid prototyping of microplasma devices via 3d-printing of plastics
In this additive method of rapid prototyping, a 3d-printer and ABS (acrylonitrile butadiene styrene) plastic were used. Briefly, in additive 3d printing method, the printer receives 3d CAD (Computer Aided Design) data. There are many ways in which a 3d-printer can use these data. For example, it can lay down successive thin layers (e.g., a few 100's of μm or less) of a variety of materials. Examples include slurries, ceramic powders or even metals. Conceptually, these layers correspond to cross-sections of a virtual 3d model typically displayed a computer screen. To simplify description, it is assumed that the printer lays down thin layers of UV-curable plastic. These layers are joined or fused together using UV light to create the desired final shape. Low-cost, relative high-speed of making fullyfunctioning physical 3d-objects or prototypes and reduced waste are key advantages of 3d-printing. And because software drives a 3d-printer, each 3d-object can have different dimensions without the requirement for expensive retooling. For instance, microplasma devices with different dimensions and geometries could be printed inexpensively in about 30 min or less. Thus, the original goal of cheaper and faster fabrication was fulfilled. An example of a microplasma device rapidly prototyped via 3d-printing is shown in Fig. 7a . The surface quality (e.g., texture, roughness) of the 3d-printed device (Fig. 7b ) was compared with that of the machined device (Fig. 7c) . As can be concluded from Fig. 7b and 6c, surface quality is different. Would surface quality affect analytical performance?
Experimental, results and discussion
The machined and the rapidly prototyped (via 3d-printing) microplasma devices were tested by introducing into them 3 μL samples using the small-size electrothermal vaporization micro-sample introduction system briefly described earlier. Transient, optical emission signals were recorded using a portable, fiber-optic spectrometer equipped with CCD detector (Weagant & Karanassios, 2009 ). An example signal is shown in Fig. 8 . Briefly, analyte emission signals from 3 μL samples lasted for less than 1 second and the microplasma was turned on for only about 5 sec. In some cases, a short microplasma stabilization time was added. The relatively brief period the microplasma was turned on conserved electrical energy (thus increasing battery life). No doubt, it also reduced overheating that may have resulted from prolonged microplasma operation, thus further enabling use of plastic substrates. To facilitate comparisons the same samples were run using the machined and the 3d-printed MPDs. Statistically, the signals obtained from the machined microplasma device were indistinguishable from those obtained using the printed one. Clearly, surface quality did not affect analytical performance characteristics, at least for the elements tested thus far. The detection limit (defined as the lowest amount or concentration that can be detected with a stated statistical confidence) obtained with both of these devices were in the pico-gram (pg) range (using the 3 criterion). These are impressive considering the simplicity of the prototyped devices and that emission data were obtained from micro-liter volume samples.
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In some respects, they also highlight the significance of microplasma-microsample introduction (likely facilitated by enlarging the microplasma channel) and by making the diameter of the outlet of the microsample introduction system more compatible with the diameter of the microplasma. To illustrate analytical capability, utility and applicability, the 3d-printed device described above was used for the determination of Na in medical thermal spring water. The concentration obtained (following dilution of the spring water by about 40 times) was within 5% of the Na concentrations stated on the label of the spring water container (Avène USA, Pierre Fabre Dermo Cosmétique USA, 9 Campus Drive, Suite 2, Parsippany, NJ 07054). The determination of Na concentration demonstrates that prototyped microplasma devices cannot only be used to study the effect experimental and design variables on analytical performance characteristics, but that they can also be used obtain useful analytically results.
Conclusions and outlook
Using semiconductor fabrication technology it was demonstrated that microplasma devices that are useful for elemental (i.e., chemical) analysis applications can be prototyped. Using these early prototypes, it was shown that analytical performance characteristics depended on a relatively large number of experimental and device-dependent parameters (e.g., device geometry and dimensions, electrode geometry and size). Study of the effect these parameters have on analytical performance characteristics necessitated fabrication of new prototype devices. Two key limitations to prototyping large numbers of microplasma devices were identified. One originated from costs involved with fabrication of a large number of one-of-a-kind research prototypes as opposed to fabricating relatively inexpensive but mass produced chips. The other arose from time-delays. For example, there was significant time-delay between mask-making, photolithography, etching, aligning and hermetically sealing hybrid microplasma device chips. These limitations hindered further progress in microplasma research. To expedite research, finding a cheaper and faster way of prototyping microplasma devices became a key research goal. Toward this goal, microplasma devices were initially prototyped using a subtractive method by simply machining PTFE substrates. This method reduced prototyping costs and substantially shortened time-delays. To reduce time-delays even further, an additive method of rapid prototyping (via 3d printing) was used. This method reduced concept-toprototype time-delays while maintaining low cost, thus fulfilling the goal of cheaper and faster prototyping. Although analytical performance characteristics of microplasma devices that were prototyped using both a subtractive and an additive method were (statistically) the same, rapid prototyping via 3d printing provided the overall fastest turn-around time while maintaining low-cost. Using 3d-printing, microplasma devices with different geometries and dimensions could be inexpensively and rapidly prototyped, thus the effect experimental variables have on analytical performance characteristics of microplasmas could be delineated more expeditiously and at (relatively) lower cost. Thus far, rapid prototyping of 3d-objects one-layer-at-a-time has demonstrated that remarkable objects can be made. A limited set of examples includes medical implants, airplane parts, architectural designs and now microplasma devices. Looking forward, there is a school of thought suggesting that rapid prototyping via 3d-printing of digital designs will even transform conventional manufacturing (by analogy to desk-top 3d-printing) in the form of desk-top manufacturing. Conceivably and in addition to microplasma devices, other components of chemical analysis instruments (and perhaps even some small-size instruments) may be printed, thus reducing the overall cost of ownership of chemical analysis instrumentation. Undoubtedly, this will lead to wider use, applicability and utility of such instruments and will increase their societal and economic impact. In general, there is every indication that in the future rapid prototyping will be able to produce 3d objects that are not only cheaper and faster but may be even be of the same quality if not better than conventional than conventional prototyping methods.
Summary
Prototypes of battery-operated, atmospheric-pressure microplasma devices that were developed around microfluidic channels and were fabricated using technology borrowed from the semiconductor industry (e.g., photolithography and etching) demonstrated that analytical performance characteristics of these devices depends, on a relatively large number of experimental and device-dependent parameters (e.g., device geometry and dimensions, electrode geometry and size). Delineation of the effects these parameters have on analytical performance characteristics necessitated fabrication of new prototypes. But using semiconductor fabrication technology proved to be costly. Furthermore, it took a significant amount of time to go from concept-to-prototype due to the time required for mask-making, photolithography, etching, aligning and sealing. To facilitate microplasma research, a cheaper and faster way of prototyping microplasma devices was thought to be desirable. Toward this goal, microplasma devices were prototyped using a subtractive method by simply machining PTFE substrates. This method reduced costs and shortened time-delays. An additive method of prototyping was also used, it involved 3d-printing and it reduced time-delays even further. This method minimized concept-to-prototype time-delays while maintaining low cost, thus fulfilling the cheaper and faster prototyping goal. In this chapter, these prototyping methods were briefly discussed, compared and contrasted. Emission signals obtained using microsamples introduced into these prototype microplasma devices were used for comparison purposes.
Statistically and for the elements tested, signals obtained using the machined microplasma devices were indistinguishable from those obtained using 3d-printed devices. Detection limits were impressive and were in the pg range (from micro-liter samples).
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